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In conducting the research reported here, the investigators
adhered to "Principles of Laboratory Animal Care" as estab-
lished by the National Society for Medical Research,




ABSTRACT

It has been pussible to propagate Rift Valley fever (RVF)
virus and obtafin high virus ylelds in L cell 8uspension cultures
maintgined in a chemically defined medium, Peak titers (10%°°
to 10°° plaque-forming units/ml) were obtained in 24 hours
and were couwparable to plaque ticers obtained in monolayer
culturer Propagated in a serum-containing medium, The addition
of stabilizing compounds (bevine albumin and protamine sulfate)
at the time of fnoculatiop resulted in increased in vive titere
but no {ncrease wag observed in the plaque titers. The addi-
tion of gerum to the samples prior to storage enhanced the
stalility of the virus. Substitucfon of fructose for glucose
in the defined medium reduced the virusg yilelds. However, the
addition of Proline and serine to the fructose-containing
wedium restored the virus yields to the level obtained with
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REPLICATION OF RIFT VALLEY FEVER VIRUS
IN L CELL SUSPENSION CULTURES

One of the firet experiments on Rift Valley fever (RVF) virue replica-
tion in tissue culture was conducted by MacKenzie in 1933% with minced
chick embryo and Tyrode's solution. More recently, many cell lines and
primary monolayers have been used for the propagation of this virus.
Although serum was necessary for high virus titers from all these cell
lines, extremely low yields of RVF virus have been obtained in the absence
of serum. Before this report, no information was available on the repli-
cation of RVF virus in suspension cell cultures or cell cultures propa-
gated in a chemically defined medium,

The Van Wyk strain of RVF virus used was a third tissue culture passage
product. The L cell suspension cultures were propagated in 30 ml of medium
in screw-cap 100-ml serum bortles in a New Brunswick gyrotory shaker at
35 C and 128 rpm. L cells were maintained as stock cul:tures in Nagle's
defined medium,** This medium consists of 13 essential aminc acids and
glutamine, vitamins, glucose, and inorganic salts.

Suspension cultures (1 x 10° cell/ml) were inoculated with 1 cc of the
virus to give the desired viral multiplicity and assayed for determination
of inftial viral titers. Inoculated L cell cultures were incubated at 35 C
in the gyrotory shaker for 1 hour, after which the cells were washed once
in fresh medium, resuspended, and samples were removed for virus assay and
cell enumeration. The viable cells were determined by the trynan blue
method In & hemocytometer. The samples were stored at -60 C with 25%
heat-inacti{vated calf serum as a stabilizer unless stated otherwise.

Virus titers were determined by the injection of 10- to l4-gram mice
with 10-€201d diluticns of the sauwples and expressed ag mouse intraperti-
toneal LDsc (MIPLDs) after calculation by the Reed-Muench methed. Plaque-
forming units (pfu) titers were obtained by inoculation of chick primary
cell monolayers.

Figure ] presents the pfu and M PLDs; titers of RVF virus obtained in
L cells in cefined medium and in derined medium contatining 107 calf serum.
The zero-tine titer represents the cell-associated virus remaining after
the L cells were washed fo}lgwing absorption., The medium containing serum
yielded a peak titer of 10°°" pfu/ml on day i, followed by z decrease in
titer to 10°°® gfu by day 4. The virus in defined medium also had a peak
pfu titer of 10 *® /ol but the titer decreased more rapidly and by day 3

* MacKenzie, R.D. 1933. The cultivation of the virus of Rift Valley
fever. J. Paihol. Bacteriol. 37:75-79.

*% Nagle, S.C.; Tribble, H.R.; Anderson, R.E.; Gary, N.D. 1963. A
chemicaliy defined medium for the growth of animal cells in suspension.

Proac. Suc. Exp. Blol. Med. 112:340-344%.
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it was less than 10 pfu/ml. The in vivo titers obtained in the serum-
containing culture yielded a peak MIPLDs titer of 10'°® /ml; in defined
medium, a peak titer of 10°°* /ml was obtained. Cell lysis in the
defined medium was complete by day 2, but, in the serum-containing
culture, comrlete lysis required 4 days. The virus samples in the above
experiments were stored in absence of calf serum.

O Defined Medium + 10% calf serum

¥ Defined Medium
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Figure . Rift Valley Fever Virus Replication in L Cell Suspensicn Cultures.




The reduced titers obtained in defined medium may be attributable to
a more rapid viral inactivation occurring in a protein-free system rather
than to difference in total virus yleld. This theory is based on Boyle's
report* in 1964 that RVF virus samples in storage maintained higher titers
in the presence of serum. To test this possibility, L cells were propa-
gated in defined medium and inoculated with RVF together with either
albumin (18 mg/ml) or protamine sulfate (20 pg/ml) added as stzbilizers,
The results of these tests are presented in Figure 2. The cultures with
added albumin yielded higher peak titegs (10"°% pfu and 10°*® MIPLDs/ml)
compared with titers (10°°° pfu and 10 °° MIPLD,) presented in Figure 1
obtained without the stabilizer. The cell lysis was complete by day 2
and the titer declined as rapidly as in the medium without adjuvants.
On the other hand, the addition of protamine sulfate at the time of virus
inoculation had no appreciable effect on peak viral titers.

3 Defined Medium + Albumin
O Defined Medium + Protamine Sulfate
L Less than

pfu/ml (Logyg)
M|Pleo/m| (loglo)

Days Days

Figure 2. Rift Valley Fever Virus Replication in L Cell Suspension Cultures.

* Boyle, J.J. 1965. Titration of Rift Valley fever in the hamster kidney
in the absence of serum. Amer. J. Vot. Res. 26:190-191.
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Another factor contributing to rapid cell lysis and affecting the titers
obtained in defined medium is virus multiplicity. The virus multiplicity
in the previous test had been about 50 pfu per cell, Figure 3 presents data
of a test employing varying multiplicities ranging from approximately 1 to
0.001 pfu to each L cell. Albumin (18 mg/ml) was added at the time of viral
fnoculation and the samples were stored in the absence of serum. Peak
titers of 10"°* pfu/ml were obtained with multiplicity of 1, 0.1, and 0.01,
but a titer of only 10°°® pfu/ml was obtained with a multiplicity of 0.001,
Complete cell lysis was delayed in all cases until day 4. These data indi-
cate that a multiplicity of one or less is adequate tc obtain high viral
titers. 1In view of these results, the effects of protamine sulfate (20
pug/ml) and albumin (18 mg/ml) added at the time of viral inoculation were
again studied. A virus inoculum multiplicity of one was used and all
samples were stored in 25% heat-inactivated serum to stabilize the virus.
Also, the effect of the addition of proline and serine to the cell culture
medium was investigated. These results are shown in Figure 4. The presence
or absence of the additives had no effect on peak titers (108'0 pfu/ml).
These results, obtained with albumin and protamine sulfate when inactivated
serum was present during frozen virus storage, also suggest that the
earlier effects of these adjuvants may be attributable primarily to their
stabilizing action during storage.
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Figure 3. Etffects of Virus Multiplicity on Replication of Rift Valley Fever
Virus in Defined Medium in L Cell Suspension Cultures.
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Another factor contributing to rapid cell lysis .and affecting the titers
obtained in defined medium is virus multiplicity. The virus multiplicity
in the previous test had been .about 50 pfu per cell. Figure 3 presents data
of a test employing varying multiplicities ranging from approximately 1 to
0.001 pfu to each L cell. Albumin (18 mg/ml) was added at the time of viral
inoculation and the samples were stored in the absence of serum. Peak
titers of 107* pfu/ml were obtained with multiplicity of 1, 0.1, and 0.01,
but a titer of only 10 P+® pfu/ml was obtained with a multiplicity of 0. 001

Complete cell lysis was delayed in all cases until day 4. These data indi-

cate that a multiplicity of one or less is adequate to obtain high viral
titers. 1In view of these results, the effects of protamine sulfate (20
ug/ml) and albumin (18 mg/ml) added at the time of viral inoculation were
again studied. A virus inoculum multiplicity of one was used and all
samples were stored in 25% heat-inactivated serum to stabilize the virus.
Also, the effect of the addition of proline and serine to the cell culture
medium was investigated. These results are shown in Figure 4 The presence
or absence of the additives had no effect on peak titers (10 g0 pfu/ml).
These results, obtained with albumin and protamine sulfate when inactivated
serum was present during frozen virus storage, also suggest that the
earlier effects of these adjuvants may be attributable primarily to their
stabilizing action during storage.
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Figure 3. Effects of Virus Multiplicity on Replication of Rift Valley Fever
Virus in Defined Medfum in 1, Cell Suspension Cultures.
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Figgure 5 presents results obtained when the defined wmedium vas modified
by replacing glucose with fruc’ >se. The L ¢2ll was adapted to the fructose
mediun prior to viral inoculatio. so that ceil populations in tne fructose
and glucose med{um were approzimately equal. The multiplicity of the viral
{fnoculum was one¢., The titers chtained in the mcdium contatning fructose

were congistently at lecast % a log lower than those obtained in glucose
mr_-d fun.
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Flgure 2, Replfcotion of Kkift valley Fever Yirue {n L Celle Propasgated
in Modifled Deflned Medla,
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Figure 6 shows results obtained with the addition r~{ proline and serine

to the fructose medium.

rhe results obtained in the glucose medium,
the level obtained in glucose medium,

pfu/ml Logypl

Gluccose + Pruline and Serine

The addition of these amino acids, in contrast to
increased the peak titers teo
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Flgure 0. Replication o1 Rift Valley Pever Virus in L Cells Propagated
{n Modified Defined Media,

Fructose + Pioline and Serine
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In sumuary, Rift Valley fever virus will replicate in L cell suspension
cultures propagated in chemically defined medium. Titers of approximately
8 logs, as determined by both in vitro and in vivo assay, were obtained in
24 hours. Although high riters were obtained initially with extremely
high mulciplicities, comparable peak titers could be obtained with multi-
plicities less than 1. The substitution of fructose for glucose as a
carboiydrate source resulted in decreased titers. The addition c¢f proline
and serine to glucose medium did not increase the yields; however, the
addition of thesc two amino acids to the fructose medium did increase the
peak titer to approximately the level obtained in glucose medium.
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